Fluorescence of Oil Well Cuttings Under The Action of Ultraviolet Light As Pertaining To Depth of Wells Investigated by Drees, Linus S.
Fort Hays State University 
FHSU Scholars Repository 
Master's Theses Graduate School 
Spring 1950 
Fluorescence of Oil Well Cuttings Under The Action of Ultraviolet 
Light As Pertaining To Depth of Wells Investigated 
Linus S. Drees 
Fort Hays Kansas State College 
Follow this and additional works at: https://scholars.fhsu.edu/theses 
 Part of the Geology Commons 
Recommended Citation 
Drees, Linus S., "Fluorescence of Oil Well Cuttings Under The Action of Ultraviolet Light As Pertaining To 
Depth of Wells Investigated" (1950). Master's Theses. 446. 
https://scholars.fhsu.edu/theses/446 
This Thesis is brought to you for free and open access by the Graduate School at FHSU Scholars Repository. It has 
been accepted for inclusion in Master's Theses by an authorized administrator of FHSU Scholars Repository. 
FLUORESCENCE OF OIL WELL CUTTINGS 
UNDER THE ACTION OF ULTRAVIC..1LET LIGHT AB PERTAINING 
TO D.c,PTH OF WELLS INVESTIGATED 
being 
A thesi s presented to the Graduate Faculty 
of the Fort Hays Kansas State College in 
partial fulfillment of the requirements for 
the Degree of daster of Science 
by 
Linus s. Drees, A. B. 
Fort Hays Kansas State College 




The author of this thesis wishes to acknowledge all sources 
of information used in its preparation . He also wishes to express 
anpreciation to Dr . Harvey A. Zinszer, under whose direction this 
work was carried out , for his helpful suggestions and constructive 
criticisms. Hy special thanks are due Dr. Richard tl . Zinszer, 
senior technical engineer of the American-Arabian Oil Company, for 
suggesting the problem. 
ii 
TABLE OF CONTENTS 
PAGE 
INTRODUCTION • • • • • • • • • • • • • • • • • • • • • • • • • 1 
HISTORY •••• • 
Fluorescence •• 
Radioactivity • . . . 
THEORY OF FLUORESCENCE. 
GECLOGIC EIS TORY CF KANSAS • • 
. . . . . 
SELECTION OF ·:TELLS : COLLECT UN u-n s 'lPLES • • 
Dry Cuttings for Fluorescence •• 
.r1ud for Radioactivity • • • . . 
CONSTRUCTIGN AND PRINCIPLES OF E<.;UIP111IENT • • • 










Geiger- -'1iueller Counter . . • • . . • . . . . • . . . , , , , 24 
Ultraviolet Light • • . • . . 32 
LABORATORY PROCEDURE. • • 34 
Ultraviolet Light • . 35 
Geiger-Mueller Counter • • • • . . . . . • • • • . • , • • 36 
CALCULATED TABLES AND CURVES • • 38 
RESULTS AND CONCLUSION • • . 
BIBLIOGRAPHY ••••••••• 
. . . . . 57 
61 
iii 
LIST OF TABLES 
TABLE PAGE 
I. Generalized Geologic Column Showing Rock Units Commonly 
Used by Drillers and Petroleum Engineers •••••. 15 
II. Information on the Special Gamma Type Counting 
Tube (GlS) . . . . . . 38 
III. Geiger-Mueller Counter Data - Well #1 40 
rv. Geiger-Mueller Counter Data - Well #2 • 43 
v. Geiger-1,iueller Counter Data - Well fr3 . . 46 
VI. G-eiger-Mueller Counter Data - Well #4. . 49 
VII. Geiger-Mueller Counter Data - Well #5. . . . . 52 
VIII. Geiger-Mueller Counter Data - Well #6 . . . . 55 
iv 
LIST OF FIGURES 
FIGURE PAGE 
1. Energy Level Diagram for the Representation 
of Fluorescence and Phosphorescence •.. 12 
2. Generalized Cross Section of Kansas Rocks ••.••.•• 17 
3. Scale Map of Oil Wells .•• 
4. Photograph of Geiger-Mueller Counter •• 
5. Photograph of Ultraviolet Light Assembly. 
6. Fluorescent Curve for Well #1. 
7. Radioactivity Curve for Well #1 
8. Fluorescent Curve for Well #2. 
9. Radioactivity Curve for Well #2 
10. Fluorescent Curve for Well #3. 
11. Radioactivity Curve for Well #3 
12. Fluorescent Curve for Well #4 •• 
13. Radioactivity Curve for Well #4. 
14. Fluorescent Curve for Well #5 . 
15. Radioactivity Curve for Well #5. . 
16. Fluorescent Curve for Well #6 . 


















In 1937, Lippert (6) published a survey of the radioactive 
properties of subterranean waters of Ellis County, Kansas. In 
1940, Bell, Goodman, and Whitehead (1) reported a survey on the 
radioactivity of sedimentary rocks and associated petroleum. In 
1944, w. L. Russell (10) reported on the total gamma ray activity 
of sedimentary rocks as indicated by Geiger-Mueller Counter deter-
mination. Lastly, in 1949, M. w. Johnston (5) made a survey of 
radioactivity of oilwell drilling fluid with depth of wells. 
Since Johnston's work cited above included only producing 
wells it was thought worthwhile to continue this investigation to 
include wells both in producing pools and in unproven territory~ 
An additional new approach to this whole matter of geophysical pros-
pecting for oil is to test oilwell cuttings for fluorescence since 
it is well known that particles from oil-bearing horizons do fluo-
resce under the action of ultraviolet light. While the fluoresc ence 
of oil under the action of ultraviolet light has been known for many 
years, the method of detecting the presence of oi l by means of the 
fluorescence of oilwell cuttings is not in general use among geolo-
gists at the present time, at least not in this region. 
Consequently it was decided to select six locations where 
drilling was contemplated, three in the Sutor Pool in Rooks County ; 
and, three new locations in unproven territory. The plan was to 
test the drilling fluids of each of these wells for rauioactivity 
with depth using an LS64 scaling Geiger-Mueller Counter by El Tronics, 
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Incorporated; and, also to check the cuttings commencing at a depth 
of approJd..m.ately 3000 feet, where the cuttings were first 6athered, 
for a study of fluorescence when the cuttings are subjected to ultra-
violet light. 
3 
HISTORY OF PHOTOLUMINESCENCE 
The first systematic studY, of luminescent crystals was made 
by Lenard and his school at the beginning of the twentieth century. 
This group of investigators focused its attention upon a host of 
materials which have come to be called the 11 Lenard Phosphers 11 • The 
alkaline earth sulfides are the most prominent prototypes of this 
class of crystal . Prior to Lenard's study, there had been isolated 
investigations of many of the materials which his group studied in 
more detail; for example, Becquerel was actually carrying on an 
investigation of luminescence when he discovered natural radio-
activity. However, the field was open to understanding and control 
in the modern sense only when a careful combination of both physical 
and chemical investigations was brought to bear on the subject after 
the turn of the century. 
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HISTORY OF RADIOACTIVITY 
The discovery of the phenomenon of radioactivity, although 
quite accidental, resulted directly from the discovery of X-rays. 
In 1895, it was observed by Roentgen (Starling, 11) that a fluo-
rescent substance situated near a dischar6e tube of high vacuum ex-
hibited luminescence as though exposed to ordinary light. Investi-
gation showed that the emission which produced this effect preceded 
from the walls of the vacuum tube upon which the cathode rays fell. 
Several investigators had apparently found that fluorescent 
bodies activated by sunlight gave out a type of radiation which, like 
X-rays, was able to pass through black paper and to affect a photo-
graphic plate. In February, 1896, a few months after the discovery 
of X-rays, Henri Becquerel was trying an experiment of this kind us-
ing as the fluorescing substance the double sulphate of uranium and 
potassium. After preparing the experiment an:l while waiting several 
days for sunshine, Becquerel discovered that even in the dark the 
specimen emitted a radiation v.hich penetrated not only black paper 
but even thin sheets of metal and that exposure of the fluorescing sub-
stance to sunlight had no effect on the phenomenon. 
Becquerel soon found that this radiation was emitted by 
uranium irrespective of its state of chemical combination and that 
there was no connection whatever between this phenomenon and phos-
phorescence. Furthermore, the phenomenon was found to be quite 
independent of the temperature of the uranium compound. It was 
later discovered that these rays from uranium possess the power of 
discharging electroscopes by rendering the air through which they 
pass conducting. 
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This property of "radioactivity", as it was called, was soon 
found to be possessed by several other substances. A.~ong them were 
thorium and two new elements, polonium and radium, discovered by 
M. and i"li:ne . Curie, radium being more than a million times more ac-
tive than uranium. 
Like X-rays, the "rays" from radioactive materials affect a 
photographic plate, cause fluorescence., and ionize gases through which 
they pass. Unlike X-rays, Qowever, these rays are of three types, 
which were given the names of alpha rays, beta rays, and ;amma rays 
before their true nature was lrn.01rm. If a small quantity of radium 
preparation is placed at the bottom of a small hole drilled into a 
lead block, the emerging rays can be divided into the three Jroups 
by use of a strong magnetic field at right angles to the anerging 
beam. One group is bent into a circular path ..,o the ri.-:ht and will 
cause an impression on a photographic plate. These are the beta rays. 
From the direction of their deflection, it follows that they must be 
negatively charged particles. By studying quantitatively their 
deflection in magnetic an::l electric fields, it was shown that these 
particles are electrons; they are ejected from radioactive materials 
with velocities which in some cases are very high. A second type of 
radiation is deflected slightly toward the left. This type consists 
of positively charged particles called "alpha particles", which were 
sho1rm to possess a ratio E/M of the order of magnitude of that for 
6 
atoms . These alpha particles were found to have a mass 4 (taking 
the mass of the oxygen atom as 16) and to carry a charge plus 2e. 
This identified them with the nuclei of helium atoms. The third type 
of radiation, the gamma rays, proceed undeviated by either electric 
or magnetic fields, have a very high penetrating power, and are now 
known to consist of electromagnetic radiations of very short wave 
length lying, in general, in the spectral region below the shortest 
X- rays . 
Recently it has been found that many artificially produced 
radioactive materials emit positrons instead of (negative) electrons, 
a positron being the same as an electron in all respects except that 
its electrical charge is positive. The tendency of usage seems to 
be to apply the term 11 beta rays 11 , to both electrons arid positrons when 
emitted by radioactive substances. The path of a positr.on beta ray 
would be a circle but curving toward the left instead of toward the 
right . 
The three types of rays are further differentiated from each 
other by their penetrating power. The alpha-rays are absorbed by 
a few centimeters of air at ordinary pressure. They are reduced in 
intensity one half by passing through 0.005 mm. of aluminium. Their 
initial velocities are of the order of 2 times 109 cm./sec. The beta 
rays are, roughtly, 100 times more penetrating than the alpha rays, 
since it requires something like 0. 5 mm. of aluminium to reduce their 
intensity to half . The initial velocities of the beta rays, in some 
instances, exceed 99 per cent of the velocity of light. The gamma 
7 
rays are able to penetrate many centimeters of even so dense a metal 
as lead. 
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THEORY OF FLUORESCENCE 
By absorption of light the energy of the absorbing system is 
inc r eased. According to the laws of thermodynamics the inverse proc-
ess, emission of energy in the form of radiation, must be possible. 
This inverse process must occur if no other way of returning the 
system to its initial state of lower energy is available . Light 
emission excited by light absorption is called photoluminescence. 
For a long time photoluminescence was supposed to be an exceptional 
phenomenon characteristic of relatively few substances. The real 
problem is , however, to understand why so many substances are not 
photoluminescent . 
Bohr's theory, first developed for interpretation 01 the spectra 
of the H- atom and later adapted to more and more oomplicated systems, 
postulates that energy can be taken up by such a system only in certain 
definite steps; the system is stable only in discrete, more or less 
sharply defined energy levels. The lowest of these levels is the 
ground level or the ground state of the system. For all atoms and 
for many diatomic molecules the energy levels are definitely known. 
For polyatomic molecules and for still more complicated systems like 
crystals, knowledge of the energy levels is still far from complete. 
Even for these systems, however, the assumption of the existence of 
such energy levels has proved itself very fertile in developing an 
understanding of all processes connected with light absorption and 
light emission. 
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Only if the ener gy absorbed by a molecule is so large that one 
part of the system is completely separated from the remainder, as in 
a process of ionization or dissociation, can the separating particles 
take up undetermined amounts of kinetic energy, so that no discrete 
energy levels exist for the system as a whole. 
In crystals still other means of energy transfer from an ab-
sorbing to an emitting center must be taken into consideration, for 
example: "internal photoelectric effect" and "exciton migration" 
(Pringsheim, $). These might be re "' arded as belongi ng to the category 
of energy transfer within a complex molecule , insofar as a crystal can 
be treated as a huge polyatanic molecule. In the first instance an 
electron is completely detached by light absorption from its normal 
location and, transporting a certain amount of energy, it travels 
across the crystal lattice until it excites light emission at 
another point within the crystal. ~xciton migration is a purely 
quantum-mechanical resonance phenomenon; in a certain way it is 
similar to the diffusion of a resonance li6ht quantum in the 
"imprisoned radiation" of mercury vapor. However, the total time 
during which the photon remains within the vapor as imprisoned 
radiation is the sum of the individual lifetimes of the single 
excited atoms; while, in a crystal, the total lifetime correspond-
ing to exciton migration becomes shorter in the same ratio as 
the number of identical crystal elements which take part in the 
resonance process becomes larger. The excitation energy does not 
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belong to an individual element at any moment , but simultaneous to 
all of them; the probability of enission increases correspondingly, 
and if the crystal is homogeneous it is not possible to determine 
whether the absorbing and the emitting centers are the same or not. 
If the crystal contains an impurity with a characteristic emission 
band of its own, light absorption may be due to the base lattice, 
through which the energy travels as an exciton until it reaches the 
irnpuri ty center where , finally , the radiation is emitted. 
In the diagram of Figure I several energy levels of an atom 
or a more complicated system are represented bJ horizontal lines . 
The vertical distance between two of these lines is proportional 
to the corresponding difference in energy; the level N represents 
the ground state. By absorption of light of frequency VFN the atom 
is raised to the level F and if no other energy levels exist between 
N and F, the atom can return to N only by re-emission of light of 
the same frequency VNF: theoretically this is the simplest case of 
photoluminescence; it is called "resonance radiation. 11 In the 
diagram of Figure I, however, several levels C, D ... are located 
between N and F. Under these conditions other transitions from F 
to C, D ••• can occur, resulting in the emission of spectal lines 
of frequency VFC' VFD.... These frequencies are smaller than 
VNF. The law according to which the wavelength of fluorescence is 
always greater than, or in the limiting case equal to, the wave-
length of the exciting light was first found empirically by Stokes 
(12) in 1856; the quantum theoretical explanation was gi. ven by 
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Einstein (3) more than fifty years later. Small deviations f rom 
Stokes' law are possible if other energy levels N1 or F 1 are located 
immediately above N or F respectively, so that the system can be 
raised by transfer of thermal energy either into N1 bef ore the 
exciting light is absorbed, or into F 1 du.ring the lifet i me of the 
system in the excited state F. Under these conditions t he frequency 
of the exciting light V , is smaller than ~he frequency of t he 
FN 1 
fluorescence VFN' or the frequency of the absorbed light VFN is 




Such deviations from Stokes I law, U.f which additional energy 
is supplied by a body of low temperature to the radiation from a 
source of much higher temperature, of course in no way invalidates 
the second law of thermodynamics. 
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FIGURE I. ENERGY LEVEL DIAGRAM FOR THE REPRESE1JTATION OF 
FLUORESCENCE AND PHOSPHORESCENCE 
1 . Resonance radiation 
2. Phosphorescence 
3. Fluorescence 
4 and 5. Anti-Stokes fluorescence 
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GEOLOGIC rt ISTORY OF KANSAS 
Oil or gas has been found in Kansas at the top of the Pre-
Cambrian or basement complex and in at least a dozen stratigraphic 
subdivisions from there up to the Cretaceous . 
Rocks of several ages are included among the sedimentary 
sequences overlying the Pre-Cambrian in Kansas. Of the six main 
divisions of these sediments which are recognized (Moore and Jewett, 
7), five, excluding the topmost division, contain rock layers that 
produce oil or gas. In ascending order, these are: 
1. The Cambrian-Ordovician rocks, mainly dolomite and lime-
tone. This division includes the Lamotte sandstone, the Arbuckle 
dolomite, the Simpson formation, and the Viola limestone or dolomite, 
all of which are well-known oil-producing zones at various points in 
the state. 
2. The Silurian-Devonian rocks, which are mainly dolomite 
and limestone. The "Hunton lirne, 11 an oil-produ~ing unit of some 
importance, occurs in this division. 
3. The Mississippian rocks, mainly limestones, some of which 
have produced substantial amounts of oil. 
4. The Pennsylvanian-Permian rocks. The lower rocks of 
this division consist mainly of limestones with some shale, and 
produce an important amount of oil. The upper, or Permian, part 
produces 75 per cent of the natural gas of the state but no oil. 
It is composed principal]yof red, sandy, and shaly beds which 
because of their characteristic color are commonly referred to as 
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the "Permian Red Beds . 11 
5. The Cretaceous rocks, consist mainly of sandstone, shale, 
and chalky limestone. One small gas pool, t he Goodland, near the 
town of that name in Sherman County comprises the total production 
of the state from The Cretaceous to date . 
The major rock units and some of the minor but better-known 
units that are recognized by drillers and oil geologists are indicated 
in Table I. 
Oil and gas production in Kansas is definitely related to 
several broad features of the structural geology . Those features 
consist of wide, shallow basins, separated by low arches or up-
warped areas, called uplifts. Two pronounced uplifts, the Central 
Kansas and the Nemaha, are recogniz ed. The basins are the Forest 
City of northeastern Kansas, the Cherokee of t he southeastern part 
of the state, the Salina of north- central Kansas , the Sedgwick 
south of the Salina, and the Dodge City in southwestern Kansas. 
Oil was first discovered in Kansas in the southern part of 
what is now referred to as the Forest City basin. It was extended 
southward into the Cherokee, then westward into Butler County where 
fields located on the southern part of the Nemaha uplift were found. 
The next important discovery of oil was in Russell County in the 
early 1920 1 s on what is now recognized as the Central h.ansas uplift, 
and gas was found at almost the same time near Liberal in the south-
western part of the Dodge City basin. This last discovery has -since 
become the Hugoton gas field. 
TABLE I. GENERALIZED GEOLOGIC COLUMN SHOWTIIJG ROCK UNITS COMMONLY 













Recent -- Alluvium 














Lansing- Kansas City 
Burgess sand 
Sooy (basal) congJ omerate 
"Chat" 
11:Vlississippi lime" 




Simpson-St . Peter sandstone 
Arbuckle dolomite 
Lamotte (reagan) sandstone 
Gr anite and ~uartzite 
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An idealized cross section (Fig. 2) through the sedimentary 
rocks of Kansas from west to east clearly shows the lensing in and 
out of the many formations and sequences, the thickening and thinning 
of the major divisions of the rocks, the nature of the structural 
and deformational features, and the oontact relations of the unconform-
able beds. 
The largest and most productive oil and gas pools in the state 
are located favorably with respect to one or the other of the above-
named major structural features . Examples of oil pools located on 
favorable structure or large upwarps are the El Dorado pool, the 
Trapp pool in Barton County, and the Silica pool in Barton and Rice 
Counties . The two last mentioned pools are on the Central Kansas 
uplift . Important gas fields seem to favor the basin areas. Examples 
are the Hugoton field in the Dodge City basin, the Cunningham and 
Medicine Lodge fields in the Sedgwick basin, and the formerly im-
portant Iola-Chanute-Independence fields int he Cherokee basin of 
southeast Kansas. 
Deposits of oil or gas in Kansas, referred to as pools or fields, 
are by liquid or gaseous hydrocarbons being trapped in porous rocks 
beneath the surface. Two kinds of traps, structural and depositional, 
account for Kansas petroleum production. Most structural traps, 
called "structures," are dome- or ridge- like folds in the rocks, 
caused by lateral compression. Such structures are called anticlines, 
domes, or terraces, and they have widths of from a few hundred feet to 






FIGURE 2. Generalized Cross Section of Kansas Rocks 
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Anticlinal structures not underlain by porous, oil-bearing rocks, are, 
of course, barren, but it is almost axiomatic in Kansas that -- other 
conditions being favorable -- good local structures, such as anti-
clines, have offered the most attractive conditions for t he accumu-
lation of oil. 
Depositional. traps, common in Kansas, result mainly from a 
condition of porosity wherein a porous area of a given oil or gas 
11 sand11 grades in all lateral directions to a less porous or impervious 
condition. Porosity in an oil-bearing rock to al.low migration and 
accumulation of oil or gas, and their controlled escape when tapped 
by drill holes, is a most essential condition to t he formation of 
oil pools. It is next in importance to the presence of liquid and 
gaseous hydrocarbons somewhere in the same or in a nearby sequence 
of sedimentary rocks. The Cunningham gas pool in Pratt and Kingman 
Counties is an example of a depositional. trap. The Lansing-Kansas 
City formations of Hiddle Pennsylvanian age have been hosts to 
notable accumulations of oil and gas in areas where the rocks are 
porous but without attractive str ucture. 
The Hugoton gas field, which with its extensions into 
Oklahoma and the Texas Panhandle and now regarded as t he largest 
known gas reserve in the world, is essentially a stratigraphic 
trap. The relatively porous, dolomitic marine strata which occur 
in the main part of the field and on the down-dip or east side, 
grade laterally to fine-grained, rather dense, less porous conti-
nental strata up the dip to t he west (Moore and Jewett, 7). Thus 
19 
a trap has been formed. 
Another ana somewhat different type of depositional or 
stratigraphic trap is represented by the so-called 11 shoestring11 
sands of Butler, Greenwood, and other eastern Kansas Counties. 
Original deposits consisting of channel-fillings of narrow off-
shore bars or spits of pervious sediments which grade laterally 
into impervious shales or other denser rocks, have permitted im-
portant accumulations of oil in the form of long, narrow lenses 
or II shoestrings. 11 
It seems unlikely that any new, major structural features 
will be revealed, or that any new Kansas oil pools will be discover-
ed to challenge the 11.Dorado or the Trapp pools in productivity. 
(Moore and Jewett, 7). However, it is almost a certainty that 
many new pools will be discovered, and that exploration and pro-
duction methods will be greatly improved to offset in part the 
decline in productivity of many of the fields in the state. 
SELECTION OF WELIS ID COLLECTIO OF SAMPLES 
~Thile in a previous study (Johnston, 5) the wells tested 
were selected from a single producing pool, and all turned out to 
be producing wells , it was deemed advisable in this instance to 
procure samples from six different locations so that both produc-
ing wells as well as dry holes would be represented. Only by 
including dry holes with producing wells can a true correlation of 
radioactivity with depth be made; not to nention the fluorescence 
of cuttings with depth. 
Of the six wells investigated, triree ft3 , ff4, and ftb , are 
from a known producing pool, namely the Sutor Pool; and the other 
three are wildcats. 
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Sl3 TlOS R20W ( by Champlin) 
S13 TlOS R20W (by Nye) 
Sl5 Tl5S Rl8W (by Jones-Shelbourne-
and Farmer) 
S13 TlOS R20W ( by Champlin) 
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Well # 4 
Well# 3 l 
Ozurich 
[?Plainville 




Well # 1 • QHays 
•Well # 5 
1 Well # 2 
FIGURE 3. Scale map showing t ·he location of oil wells • 
Each small square represents a quarter 
section of land. 
s 
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COLLECTIONS OF SAMPLES FOR FLUORESCENCE 
Samples used in the fluorescence study were taken from sacks 
of cutGings which the workers themselves gathered for the company 
geologist. Permission was readily given to take a teaspoon of cuttings 
from each sack for testing under ultraviolet light. 
The workers collected samples for every ten feet of depth start-
ing at 800 feet above the expected producing horizon, namely, the 
Arbuckle lime level. \.fuen drilling approached to within 200 to 100 
feet of the expected producing horizon, samples of cuttings were 
collected for every five feet of depth . These samples were caught 
in a trap through which the drilling mud must pas s before it reaches 
the three settling ponds. Upon removal the cuttings were washed in 
clear water and dried on a stove. After they were dried, the cuttings 
were cooled and pl.aced in labeled sacks. It was from these sacks 
that the samples were obtained. 
On wells #2 and #4, samples in the _µay horizon were secured 
before they were dried on the stove and so were allowed to dry 
naturally. This gave slightly better results on the showing of 
oil fluorescence. All samples were tested within s:ixteen hours from 
the ti :1e that they were removed from the trap. While the samples 
from five-foot intervals were being gathered, two trips were made 
daily to the oilfield to prevent too great a lapse of time between 
the time of gathering and the moment of testing. 
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COLIECTION OF SAlvIPI.ES FOR RADIOACTIVITY 
Drilling mud samples were collected daily, commencing the day 
after surface pipe was set. The mud samples were obtained at the 
trap and poured into clean gallon jugs. The jugs were cleaned and 
boiled daily to remove all traces of emanation. The drilling mud 
sample was gotten every morning and tested within two hours. The 
depth, at the time the sample was taken, was obtained from the 
drilling chart. 
CONSTRUCTION AND PRTI~CIPLES OF OPERATION OF THE 
GEIGER-MUELLER COUNTER 
24 
The Geiger- Mueller Counter is an instrument which is used for 
the detection of alpha, beta, and ga.rruna rays. In its simplest form 
it consists of a glass tube, within which, is a metal cylinder hav-
ing connection to the outside of the glass tube. Insulating plugs 
at the end of the glass tube support a thin wire wnich passes 
through the center or along the axis of the metal cylinder. The 
metal cylinder is the cathode of the tube and the wire ( usually made 
of st eel, alwninum, or tungsten, and from 0.1 to 0.5 millimeters in 
diameter) is the anode of the tube. In order to avoid the use of 
very high voltages, the oourrter is generally filled with air or some 
other gas at reduced pressure (from 2 to 10 cm. of mercury). Then 
between the wire and the metal cylinder a voltage is applied. This 
voltage must be just less than enough to break down the wire-to-
cylinder gap . Wnen an ionizing particle, ~or instance a beta ray, 
enters the space between the wire and the cylirrler, the electrons 
produced in the gas will be speeded toward the wire with increasing 
kinetic energy and, in the strong electric field near the wire, 
obtain sufficient energy to ionize the gas, producing more electrons. 
The current builds up to a sudden surge of currents -- in other words, 
an incipient spark. If the voltage is close but not too close to the 
sparking voltage the surge will die out very quickly. As each beta 
particle enters the chamber a surge will occur. By counting the 
surges the number of beta particles entering the chamber can be 
found. 
The radioactive counter used in this study was a model l.S64 
Geiger-Mueller scaling counter purchased from El Tronics, Inc., of 
Philadelphia. This model 1S64 Geiger-Mueller Laboratory set is a 
complete instrument for use idth Geiger-Mueller counter tubes in 
making precise laboratory measurements of raoiation intensities. 
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It is a complete scaling type instrument with built-in impulse reg-
ister (recording clock). It uses the famous, simple, positive and 
reliable Higinbotham scaling circuit (used under license agreement 
with the U. S. Atomic Energy Commssion). It is a complete compact 
light weight instrument constructed on a single 13 11 x 1711 chassis 
with 8-3/4" x 1911 rack type front panel am mounted on a single deck-
rack type steel cabinet. 
The following circuit components are all combined in one 







Scale of 64 scaling circuits (Higinbotham ) 
Regulated high voltal:;';e power sup,!)l y for lreiger-rfoeller tube 
Recorder circuit for operation of impulse register 
Impulse register, zero reset type, counts to 9999 before 
recycling 
Preamplifier stage 
Bias and high voltage power supplies for scaling circuit, 
amplifier and recorder stages 
TUBE'S: A total of 20 tubes of the following type are used: 
5 - Type 6H6 
7 - Type 6SN7 
1 - Type 6J6 
EXTENSI01{ AHPLIFIER: 
1 - Type 5U4G 
1 - Type 6V6GT 
2 - Type 6AG5 
1 - Type 2X2 
1 - Type Vtt.105 
1 - Type VR150 
When using self-quenching counter tubes, 
the counter tube is connected to the .input circuit oft he instrwnent 
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by means of a length of coaxial cable. When externally-quenched 
counter tubes are used, it is necessary to connect same to the input 
of the preamplifier stage which is furnished as an extension unit at 
the end of a cable which plugs into the instrument. This permits 
the necessary short connecting lead between the counter tube and the 
grid of the first amplifier stage and still permits the counter tube 
to be conveniently moved about. 
SECOND AMPLIFIER STAGE: The second amplifier stage which is 
built in the instrument its elf is for the purpose of amplifying the 
pulses delivered either directly from the self-quenching count er tube 
itself or from the extension amplifier stage. 
SCALING CIRCUIT: The scaling circuit consists of 6 stages to 
the scale of 64 using the simple, reliable, fool-proof Higinbotham 
circuit. Diode coupling tubes between the stages permit pulses of 
only 1 polarity to reach each eucceeding scaler stage. A switch is 
provided on front panel for starting, stopping and resetting the 
scaling circuit. An AC receptacle is provided on the rear of the 
chasis for connecting a timing clock so that elapsed time of measure-
ment can be determined. This receptacle is energized with 115 volts 
60 cycles when the control switch is placed in the count position, 
and is de- energized when the switch is placed in the off position. 
Neon interpolation lamps on the front panel determine the progress 
of the count through the scaling circuit. In addition to providing 
interpolation of measurement these lamps also indicate proper oper-
ation of the scaling circuits . 
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RECORDER CIRCUIT: A recorder circuit for operation of impulse 
register from the output of the scaling circuit is incorpor ated ¼ith-
in the instrument. This is a specially designed stage having character-
istics most suitable for the size and shape of the output pulses and 
the characteristics of the blilt-in impulse register. 
IMPULSE REGISTER: A rugged electro-mechanical impulse register 
(recording clock) is permanently built in the instrument and is oon-
veniently located on front panel ., This re6ister has a reset wheel so 
that it can be set to zero before each measurement, and it counts up 
to 9999 before recycling. This !13,rticular register is capable af 
many million counts at relatively high speeds without any difficulty 
whatever. The maximum counting speed of the register used is approxi-
mately 16 evenly spaced pulses per second. The overall speed of the 
complete instrument is greatly increased by the incorporation of 
sufficient scaling stages. 
REGULATION HIGH VOLTAGE POWER SUPPLY: A regulated high voltage 
power supply is incorporated in the instrument to provide an accurate 
and constant high potential to the counter tube, and to eliminate any 
error in measurements due to changes in counting rate caused by 
voltage variations on the count er tube itself. This power supply is 
electronically regulated to within one per cent or less throughout 
line voltage fluctuations of 95 to 125 volts. The voltage range, 
controllable by front panel adjustment, is approxi.mately 700 to 1500 
volts. 
C01~TROLS: The following front panel controls are provided with 






Main power switch 
High voltage switch 
Count- stop- reset switch 
High voltage adjust 
Impulse register reset 
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INDICATDJG LAMPS AND INSTRUMENTS: The following instruments and 
indicator lamps are neatly and symmetrically arranged on front panel: 
(1) High voltage voltmeter 0-1.5 K.V.D.C. 
(2) Interpolation and count lamps numbered 1, 2, 4, 8, 16, and 32 
(3) Main power pilot light 
(4) High voltage pilot light 
(5) Count indicator pilot light 
EXTERNAL CONNECTIONS: Tenninations are provided for connection 
of the following external equipment: 
(1) Oscilloscope 
(2) Synchronous clock (for elapsed counting time) 
(3) Counter tubes 
(4) Extension amplifier 
PLACING THE nJSTRUMENT DJ OPERATION: After making certain that 
all switches a.re in the off position, that the high voltage control knob 
is in the extreme low position, and that the impulse register is set to 
zero, the instrument is ready to be set up for making a measurement. 
Next the counter tube was connected to t.h e input circuit. A 
self-quenching counter tube was used, and the cathode (cylinder) of 
counter tube was connected to the shielded lead of the coaxial input 
cable, while the anode (center wire) was connected to center wire of 
the coaxial cable. The main power switch was turned on and at least 
one minute was allowed for all tubes to reach the proper operating 
temperature. 
The high voltage switch was turned on and after allowing a few 
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seconds for tubes in this circuit to reach the proper operating 
temperature, as evidenced by the reading on the front panel volt-
meter, the high voltage applied to counter tube was adjusted to be 
proper value by means of a control knob. 
rhe control switch was placed in the count position. After 
measurements have been taken over the desired period of time, the 
control switch was set in off position and ~he reading of total count 
indicated on impulse register was taken. To this reading the sum of 
the numbers adjacent to each lighted neon indicator lamp was added. 
This procedure furnishes the total count including interpolation 
counts still ranaining within the scaling circuits. 
After tre total count was tabulated, the operati% switch was 
turned to RESET position and released. This should deionize all of 
the neon interpolation lamps. If all lights do not deionize first 
time, the switch was pushed to reset position several ti n.es. 
OPERATING NOTES: The maximum reliable s p eed of the impulse 
register was a pproximately 16 evenly spacea pulses per second. tlhen 
operated from the scaling circuit to the 64:1 ratio, the maximum 
speed was increased to 1024 evenly spaced pulses per second. How-
ever, the pulses created by radioactive substances are spurious and 
random in nature and often come in fast groups. In detennining the 
maximum counting speed possible on randomly spaced pulses, it was 
necessary to base the speed on the time interval between the two most 
closely spaced pulses which occurred during any count period. Statis-
tics indicate that a recording clock caµble oi measuring and counting 
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16 evenly spaced pulses per second would be capable of counting 
only 1 to 2 pulses per second when the pulses are spurious and ran-
dom in nature. Consequently, if great accuracy is desired, the 
instrwnent should be operated at speeds not exceeding 100 per sec-
ond in the input circuit. Greater speeds can be used at a sacrifice 
in accuracy. 
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FIGURE 4. PHOTGGRAPH OF GEIGER-dUELi.ER COUNTER 
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CONSTRUCTION AND PRINCIPLES OF ULTRAVIOLET LIGHT 
Both a Cenco Quartz Mercury Arc equipped with proper filter 
and a Welch Fluorescent :Minerals Kit equipped with a General Electric 
purple-x bulb of 250- watts capacity were used to excite fluorescence 
on the part of oilwell cuttings. After rorne experimentation, it was 
found that vhe Welch outfit produced better results for our purpose 
and so the fluorescent part of this investigation was carried out 
with the use of the latter equipment. 
Light waves of 2537 Angstroms were present as shown by a test 
with Willernite. This substance is noted for its fluorescence induced 
by the light waves of 2537 Angstroms . 
Another factor that was considered was the energy equivalent 
for tra radiation, for example , the energy equivalent for radiation 
at 2000A is 142,000 calories per mole. Since most chemical reactions 
which proceed with a measurable velocity require approximately 
20,000 to 60,000 calories per mole, these short ultaviolet radiations 




FIGURE 5. ' PHOTuGRAPH OF ULTRAVIOLET LIGhT ASSEMBLY 
34 
LABORATORY PROCEDURE 
METHOD OF PRGCEDURE BY ULTRAVIOLET LIGI-H: The cuttings were 
removed from the envelopes in which they were collected and placed 
in a watch glass . The ultraviolet light and also the spot light 
were then turned on. The spot light was used to examine the ru ttings 
under a microscope. The cuttings were then placed under the ultra-
violet light. With the aid of a tweezer, one could I ove the cuttings 
about on the watch glass and uncover small particles that might be 
fluorescing. A count was made of all fluorescing particles and this 
count was compared with the number of particles in the sample as a 
whole. This was recorded together with the depth at which the sample 
was taken. 
After comparing the luminescence of each type of fluorescence 
and the number of fluorescent particles in the respective cutting 
samples from Well #1, it was possible to establish a normal scale 
which was used as a reference for all of the cutting samples taken from 
the later wells. After this the only remarks needed were those w'nich 
stated whether the particle of a certain type of fluorescence was 
greater or less than normal. It also left room to tabulate the 
number of partiles that showed oil-fluorescence. 
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NORMAL DENSITY OF LUMINESCENCE 
The normal point for any depth would mean that the following 
first five items would be present: 
Item Color of Fluoresces Number of Particles 
Cutting (Normal Values) 
1 White Whiter 8'-/4 
2 Gray White 31b 
3 Brown Dull Red 81o 
4 White Pink 2% 
5 Brown Bright Red 3% 
6 Dark Green By count (oil) 
A point above average would mean that either item 6 would be 
added or that one of tre first five items IDuld be strong (approxi-
mately twice as great as the normal value stated above) and the other 
four still present in their normal quantity. 
A minus one would mean that one type is missing and the other 
four present in their usual percen~age or normal quantity. 
In this manner the grading system is one of rela tive reaction 
by the operator when he turns on the ultraviolet light. It is a 
quantitative but not a qualitative analysis. 
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~IETHOD OF PROCEDURE BY GEIGER- ivlllELIBR COUNTER 
First , the drilling mud was screened to remove the cotton hulls 
used in the drilling process . Twenty cc . of drilling mud was then 
placed in a test tube arrl this tube placed in a tube holder inside the 
metal housing . The Geiger-Mueller (gamma ray) tube was placed in 
position 2 cm. distant from the test tube containing the sample. The 
cover of the metal housing w~s placed in position and the Gei6er-
Mueller counter set in operation. Counting time was 12 minutes . rhe 
total count was recorded and divided so that tne count per minute was 
obtained. The background count was obtained by placing a test tube 
containing 20 cc . of distilled water in place of the tube with the 
sample and again the counter was set in operation for 12 minutes . 
The average per minute for tre background was calculated and the 
difference between the averages gave the true count per minute for 
the sample tested. After each t rial the test tubes were cleaned with 
a test tube brush, rinsed with discilled water, and dried with ab-
sorbent tissue . This was done to remove all traces of emanation. 
The test tube containing the drilling mud s~nple was 1.7 cm. in 
diameter,was 13 cm. l ong, and was mounted on a test tube holder. 
Equal amounts of drilling mud and distilled water were used so that 
the same geometric conditions were reproduced for each sample and 
the resulting counts per minute were proportional to the radioactivity 
of the sample . 
A metallic housing consisting of iron bricks, 2xJ+;c6 inches, 
and lead sheets was constructed to shield the counter tube and the 
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drilling mud sample from external radiations . The counter tube was 
a special gaTJL~a ray (GlS) tube purchased from El Tronics, Inc . It 
was supported inside of the metallic housing by means of a test-tube 
holder. The coaxial cable connecting the counter tube with the 
amplifier and scaling circuit passed through a small openi!l; located 
in one corner of the metallic housing . 
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TABLE II. INFORl'1ArION UF THE SPECIAL GA.l,,.A TYPE CuUNTrnG TUBE (GlS) 
Overall Demensions (Inches) . 
Cathode Demensions (Inches) • 
Glass wall thickness (Inches) •• 
Counter Filling •••..•...•. 
Approx. Threshold Voltage 
Operating Voltage (D. c.) 
• • • 4 X 5/8 
• • • • • 1-1/2 X 3/8 X 0.007 




Plateau Length .••••..•.•..•..•.• 150 
Plateau Slope per 100 Volts. 5% 
Deadtime in Micro-Seconds •. 
Life in Counts ••••••• 
75 
5 X 108 
3 
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FIGURE 6. Fluorescent Curve for Well # 1 
3800 
'.!'ABLE III. GEIGER-MUELLER COUNTER DATA FOR WELL #1 
Sample -Date Depth in Feet Count/min. True count/min. 
Background Sample 
1 Mar. 5 1312 49.00 70. 58 21.25 
2 6 1963 22.00 28.50 6. 50 
3 7 2395 2.90 4.50 1.60 
4 8 2580 .5.08 7.25 2.17 
5 9 2866 4.75 7.67 2.92 
6 10 3207 4.83 6.42 1.59 
7 11 3423 4.17 8.17 4.00 
8 12 3605 20.25 28.17 7.92 
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FIGURE 8. Fluorescent Curve for Well # 2 
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TABLE DJ. GEIGER- r-1l.JELLE;R COUNTER DATA FUR WELL #2 
Sample Date Depth in Feet Count/min . True count/min. 
Background Sample 
1 1'1ar . 11 1585 4. 17 8. 75 4. 58 
2 12 2070 20. 50 :>,25 . 25 4. 75 
3 13 2400 4. 42 6. oo 1.58 
4 14 2762 5. 00 9. 42 4. 42 
C 15 3065 3. 08 7.75 4. 67 .I 
6 16 3270 1.42 6. 67 5. 25 
7 17 3442 2. 92 7. 58 4. 66 
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TABLE V. GEIGER- MUELLER COUNTER DATA FOR WELL #3 
Sample Date Depth in Feet Count/min True count /min. 
Background Sample 
1 Mar . 16 1620 2. 08 8. 75 6. 67 
2 17 2360 2. 75 5. 87 3. 12 
3 18 2650 6,17 8. 33 2.16 
4 19 2950 5. 17 8. 00 2, 83 
5 20 3307 6. 08 9.33 J , 25 
6 21 3496 5.42 8. 42 3. 00 
7 22 3653 5.75 7. 58 1. 83 
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FIGURE 12. Fluorescent Curve for Well # 4 
3000 
, TABLE VI. GEIGER-MUELLER CUUNTER DATA FOR WE1,L #4 
Sample Date Depth in Feet Count/min. True count/min. 
Bae k5ro und Sample 
1 liar. 18 879 6.oo 7.08 1.08 
2 19 1928 7.67 7.67 2.50 
3 20 2317 7.00 7.00 .75 
4 21 2604 7.08 7.08 1.67 
5 22 2888 6.83 6.83 1.16 
6 23 3233 7.25 7.25 2.33 
7 24 3435 7.17 7.17 1.34 
8 25 35_7 8.25 8.25 3.08 
9 26 3652 9.08 9.08 4.25 
10 27 3704 9.92 9.92 4. 50 
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FIGURE 14. Fluorescent Curve for Well # 5 
TABLE VII. GEIGER- MUELLER CulJNTER DAT FOR WELL #5 
Sample Date Depth in Feet Count/min. True Count/min. 
Background Sample 
1 .111ar . 25 1250 5. 17 6. 75 1..58 
2 26 1848 5. 00 8. 75 3. 75 
3 27 2215 5.42 6. 83 1.41 
4 28 2465 5. 67 6. 50 .83 
5 29 2765 5. 33 6. 75 1.42 
6 30 30. 72 5. 50 7. 00 1..50 
7 31 3305 4. 58 6.33 1.75 
8 1pril 1 Jl Si:5 1.67 8. 67 7. 00 
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FIGURE 16. Fluorescent Curve for Well # 6 
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TABLE VIII. GEIGER-MUELLER COUNTER DATA FOR WELL #6 
Sample Date 




5 April 1 
6 2 
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RESULTS AND CONCLUSION 
Well #1 (Fig.6) turned out to be a d.riJ hole in spite of the 
fact that the fluorescence improved progressively with depth. How-
ever, no characteristic green fluorescence was evident (oil fluo-
resces green to blue). 
Well #2 (Fig.8) turned out to be a minimum producer (less 
than ten bbls per hour), so much so that it was finally abandoned 
as a poor investment and was subsequently sealed. Here t..~e fluo-
rescence oommences at an exceptionally low value and terminates with 
the normal or average value but with the api5earance of weak green 
fluorescence. 
Well #3 (Fig.10) turned out to be a minimum producer as in-
dicated in the graph. However, the fact that the fluorescence is 
less than normal down to 3650 feet may bear some relation to its 
potential, especially when compared to the fluorescence of well #4 
(Fig. 12). Moreover, it is noteworthy to )bserve that "dead" oil 
was detected at 3750 feet. 
Well #4 (Fig. 12) turned out to be a maximum producer with the 
appearance of free oil at two other levels, namely at 3650 feet and 
at 3750 feet. "Dead" oil showed up at 3550 feet. It is si gnificant 
that in this instance, most of the fluorescence from 3500 feet down 
was much above normal or average. 
Well #5 (Fig.14) turned out to be a dry hole according to the 
ruling of the geologist in spite of the fact that levels 3400 feet 
and 3450 feet showed the presence of "dead" oil. This well was drill-
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ed to 3660 feet but owing to the removal of the cuttings early in 
the morning, it was impossible to obtain additional cuttine,s be -
yond the 3450 foot level . 
Well #6 (Fig . 16) turned out to be a minimum producer at 3485 
feet. Here again it appears that the subnormal fluorescence may 
bear some relation to the low potential of the well. Two levels, 
namely, 3250 foot and 3400 foot, showed the presence of 11 dead11 oil. 
The last eight 10-foot cutting samples showed oil (green) fluo-
rescence indicating that this well came in bei'ore it was expected. 
In the beginning of this study it was thou~ht to be worth-
while to run radioacti vi 1o,y tests on the oilwell fluids sine e these 
fluids were easily obtainable am since the counter apparatus was 
available. Then, too, there was the possibility of showing a cor-
relation between fluorescence and radioactivity. 
Radioactivity graph (Fig.7) for well #1 indicates a gradual 
increase of radioactivity from the 2400 foot level to the 3600 foot 
level. But we recall that well #1 came in as a dry hole in spite of 
the fact that drilling proceeded to 3850 feet. The explanation for 
this exc epti anal increase in radioactivity in the vicinity of 3600 
feet is the presence of the thin ten- foot layer of radioactive 
shale. 
Radioactive graph (Fig.9) for well #2 shows a slight increase 
in radioactivity from the 2400 foot level to the 3540 foot level 
where drilling ceased. This well came in as a minimum producer but 
was later abandoned. 
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Radioactive graph (Fig . 11) for well #3 shows a slight increase 
of radioactivity with depth from 2550 feet to 3500 feet where a slight 
dip followed by an upward trend occurs . This well came in as a better 
than minimum producer . Here tre final increase in radioactivity fails 
to indicate the degree of potential of the well. 
Radioactive graph (Fig. 13) for well #4 shows a definite in-
crease of radioactivity with depth as the producing horizon is 
aporoached. However, it is difficult to attribute this increase of 
radioactivity to the actual presence of oil. This well turned out 
as a maximum producer. 
Radioactive graph (Fig. 15) for well ff5 a~ain shows the presence 
of the aforementioned radioactive shale in the region of the 3450 foot 
level. Drilling at this well was terminated at the 3660 foot level 
with the declaration that it was a dry hole. 
Radioactive graph (Fig.17) for well #6 shows a definite 
increase of radioactivity with depth. This well turned out to be 
a minimum producer. 
In this investigation there is no correlation between radio-
activity and fluorescence as far as our scheme of plotting curves 
is concerned. From fluorescent curve of well #4 (Fi5.16), natural 
fluorescence (fluorescence above the avera~e) may be an indication 
of the potential of the well. This well was the only one of the six 
investigated that was a maximum producer. 
In contrast with this asscer:tion, Well #3 (Fig. 10) and Well tr6 
(Fig. 16) both show the bulk of their natural fluorescence below the 
average and both wells turned out to be minimum producers. This 
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strongly points to a relation between well potential and degree 
of fluorescence of the cutt ings. 
The radioactive data has substantiated Johnston's (5) work 
in a previous thesis. In his investigation, he found a general up-
trend in the radioactivity count as the producir:g horizon is ap-
proached. But it does not necessarily follow that an increase in 
radioactivity portends the presence of oil . 
Recornrnendations for the application of fluorescence testing 
to oil well dri lliDc, would be to provide rigs with a suitable fluo-
rescence equipment which could be operated from the electrical cir-
cuit of the rig, and to make certain that the cutti~s are not heated 
excessively so as to drive off the volatile oil-film:.. The special 
method of curve plotting as applied in this thesis should aid in 
determining the relative potential of newly drilled wells . 
61 
BibLI0GRAPHY 
1. Bell, K. G., Goodman Clark, and W. L. Whitehead, "Radio-
activity of Sedimentary Rocks and Associated Petroleum, 11 
The Bulletin of the American Association of Petroleum 
Geologists, £XIV, (September, 1940), 1-10. 
Contains a ,§) od discussion on the radioactivity of 
sedimentary rocks and associated petroleum. 
2. Cornell Symposium, Solid Luminescent Haterials, New York: 
John Wiley and Sons, 1948, p. 459. 
Excellent source for theory of fluorescence especially 
as induced by ultraviolet light. 
3. Einstein, A., "Uber einen die Erzegung und Verwandlung des 
Lichtes betretfenden heuristischen Gesichtspunkt, 11 Ann. 
£• Phys. 17, 132 (1905). 
4. Frye, J. c., and J. J. Brazil, Ground Water in the uil-Field 
Areas of Ellis arrl .tiussell Counties, Kansas . University 
of Kansas Publications State Geological Survey of Kansas , 
Bulletin No . 50, December, 1943. Topeka: State Printing 
Plant, 1943, pp. 31-34• 
Contains a very good discussion on the geologic 
history of Kansas. 
5- Johnston, M. W., 11 Investigation of the Radioactivity of 
Oilwell Drilling Fluid, with Uepth, of Wells in the 
Berland Field of Rooks County, 11 Unpublished l'-1:asters 
rhesis, Fort Hays Kansas State College, 1949, pp. 85. 
6. Lippert, Verne, 11Hadioactive Properties of the Subterranean 
Waters of Ellis County, Kans as , 11 Transactions of the ---
62 
Kansas Academy of Science, Vol. 40. Topeka: State Print-
ing Plant, 1937, pp. 309-312. 
Discusses the radioactive properties of the subterranean 
waters of Ellis County, Kansas. 
7. Moore , R. C., and J. M. Jewett, "Oil and Gas Fields in Kansas, 11 
The Mines Magazine, XXXII ( October, 1942), PP• 481-560. 
A very good discussion on the petroleum industry of 
Kansas. 
8. Pringsheim, Peter, 11 Fluorescence and Phosphorescence," 
Photoluminescence, New York: Interscience Publishers, 
1949, p. 794. 
Most complete and latest theory of photoluminescence. 
9. Richtmyer and Kennard, "Introduction to Hodern Physics," 
Modern Ph,ysics, New fork: McGraw-Hill Book Company, 
1942, PP• 566-568. 
Source of history and thenry of radioactivity. 
10. Russell, W. L., "The Total Gamma Ray Activity of Sedimentary 
Rocks as Indicated by Geiger Counter Determinations, 11 
Geophysics, IX (April, 1944), pp. 180-216. 
11. Starling, Sydney G., "Electricity and 1.J[agnetism, 11 .i-Rays, 
New York: Longmans, Green and Co., 1946, p. 469. 
A good presentation of the discovery of X-rays. 
12. Stokes, G. ~-, "On the Change of Refrangibility of Light", 
Phil. Transactions. 142, II (1852). 
A discussion on the theory of photoluminescence. 
63 
